INTRODUCTION

Integrated Ocean Drilling Program Expedition 313 to the New Jersey Shallow Shelf
The New Jersey margin is ideally suited to study the response of continental margin architecture to Oligocene-Miocene icehouse sea-level fl uctuations (Mountain et al., 2010) . Integrated Ocean Drilling Program (IODP) Expedition 313 provided an opportunity to apply a multiproxy approach to refi ning the application of palynology to sequence stratigraphic studies. In 1998, Ocean Drilling Program (ODP) Leg 174A attempted to core the outer New Jersey (USA) shelf, but recovery (particularly of the sand-rich Miocene section) was patchy, so the shipboard party (Austin et al., 1998) was forced to focus on the Quaternary of the uppermost slope. Drilling by onshore ODP Legs 150X and 174AX successfully recovered Late Cretaceous to Holocene sequences from sites on the Atlantic coastal plain (summaries in Miller, 2002; Miller et al., 2005) that provide the material to reconstruct sea level on the New Jersey margin and relate the fl uctuations to global sea-level change (e. g., Miller et al., 2005) . There remained a gap between the coastal plain and the outer shelf, making correlation diffi cult until the New Jersey shallow shelf was fi nally drilled between 30 April and 17 July 2009 by IODP Expedition 313, fi lling the critical gap in the transect of coreholes between the New Jersey coastal plain (ODP Legs 150X and 174AX) and the continental slope (ODP Legs 150 and 174A) ( Fig. 1 ).
There were 15 unconformity-bounded sequences identifi ed within the Miocene during Expedition 313 (Mountain et al., 2010) . Seismic sequence boundaries were identifi ed based on refl ector terminations (onlap, downlap, erosional truncation, and toplap) on multichannel seismic profi les obtained on R/V Ewing cruise Ew9009, R/V Oceanus cruise Oc270, and R/V Cape Hatteras cruise Ch0698 ( Fig. 1 ; Monteverde et al., 2008; Monteverde, 2008; Mountain et al., 2010) . Sequence boundaries were identifi ed in the Expedition 313 cores on the basis of physical stratigraphy and age breaks (Mountain et al., 2010; Browning et al., 2013; Miller et al., 2013a) based on the following criteria: (1) irregular contacts, with as much as 5 cm of relief on a 6.2-cm-diameter core; (2) reworking, including rip-up clasts found above the contact; (3) intense bioturbation, including burrows fi lled with overlying material; (4) major lithofacies shifts and changes in stacking pattern; (5) gammaray increases associated with changes from low radioactivity sands below to "hotter" (high radioactivity) clays above, glauconite immediately above sequence boundaries, and/or marine omission surfaces (e.g., with high U/Th scavenging); (6) shell lags above the contact; and (7) age breaks indicated by Sr isotope stratigraphy or biostratigraphy. A velocity versus depth function was used to make initial seismiccore correlations of seismic sequence boundaries to core surfaces identifi ed from visual evidence (core descriptions and photographs) and log data (Mountain et al., 2010; Mountain and Monteverde, 2012; Miller et al., 2013a) . Synthetic seismograms from Sites M27A and M29A (Mountain and Monteverde, 2012) provide a check on seismic-core correlations and predicted depths of seismic sequence bound aries. The resultant seismic-core-log correlations (summarized in Miller et al., 2013a) were used to place the sequence boundaries in this study. A chronology was developed based on calcareous nannofossil, diatom, dinofl agellate cyst, and planktonic forami niferal data together with Sr isotope analyses of mollusc shells and foraminifers that allowed correlation with the global record of eustasy (see Browning et al., 2013) .
Sea-Level-Sensitive Palynological Proxies
Several studies have used palynomorphs in sequence stratigraphic studies, recognizing their signifi cance as sedimentary particles having provenance and history that can be much more comprehensively identifi ed than those of the siliciclastic particles with which they are deposited (Eshet et al., 1988; Habib and Miller, 1989; Gregory and Hart, 1992; Wood and Gorin, 1998; McCarthy and Gostlin, 2000; McCarthy et al., 2003; Oboh-Ikuenobe et al., 2005) . All of these studies demonstrated that the palynological signature of a continental margin is the product of the initial environmental conditions at the depositional setting together with taphonomic skewing of that record due to differential transport and preservation of palynomorphs (in addition to the biostratigraphically useful evolution and extinction events). The basic concept is that acidresistant organic material from land (e.g., phytoclasts, fungal spores, pollen, and embryophyte spores) is progressively sorted and degraded with increasing distance from the shoreline because of a progressively decreasing energy gradient. In contrast, autochthonous marine material is preferentially degraded in the higher energy proximal settings, but is preserved well in deeper water settings as long as the burial rate is relatively high (Traverse, 1994; Tyson 1995) . In this paper sea-level-dependent aspects of the palynological record of Holes M0027A and M0029A (herein 27A and 29A) are examined in light of one of the main goals of IODP Expedition 313, i.e., to assess the role of sea level on continental margin architecture (Mountain et al., 2010) . Estimates of the proximity to the shoreline inferred from the palynological record are compared with estimates of paleo-water depth derived from benthic foraminiferal data, which have long been the basis for sea-level reconstruction (e. g., Miller et al., 1997; Katz et al., 2003) . Previous comparisons of palynologically derived distance to shoreline estimates and benthic foraminiferal biofacies-based paleobathymetry in Pleistocene sediments from ODP Hole 1072A proved successful (Katz et al., 2003; McCarthy et al., 2003) .
Comparison of the palynological record (which represents the allochthonous pollen fl ux together with the in situ planktonic algal record, thus providing a proxy of terrigenous fl ux to marine environments) with the benthic foraminiferal record (which provides estimates of paleobathymetry) allows some of the complexity associated with the palynological response to sea-level change to be resolved, and a robust signal is obtained when all of the proxies are integrated and interpreted to record the same paleoenvironmental parameters. This multiproxy approach also highlights different aspects of variations in relative sea level that are recorded by the different microfossil groups. A shelf with a steep gradient, for example, could have proximal conditions (recorded by a strong dominance of terrestrial microfossils) together with outer neritic water depths (inferred from foraminiferal assemblages), whereas a shelf with a very gentle gradient could have distal settings, resulting in a lower ratio of terrestrial versus marine microfossils in sediments containing a benthic foraminiferal assemblage, refl ecting inner neritic water depths. In addition, beyond the shelf break, downslope mass wasting (which is most pronounced at times of lowered sea level; cf. McCarthy et al., 2003 McCarthy et al., , 2004a can produce palynomorph assemblages very rich in pollen and embryophyte spores in relative deep water. The multiproxy data and the very good age resolution available from IODP Expedition 313 allow us to assess existing models and to infer the relationship between sea level and the sedimentation of organic particles on the New Jersey margin during the early Aquitanian to early Serravallian.
METHODS
Samples (5 cm
) were processed for palynological analysis at Brock University (St. Catharines, Canada) using standard techniques, including disaggregation using warm, dilute (0.02%) sodium hexametaphosphate, and dissolution of carbonate and silicate minerals using weak (10%) HCl and concentrated HF, respectively. Samples were centrifuged and rinsed with distilled water between each ~1 h step. Samples were sieved twice through Nitex mesh to retain the >15 μm fraction, once after the weak sodium hexametaphosphate treatment to get rid of the majority of the resistant clays, and more thoroughly following the HF treatment to get rid of any remaining clays as well as fi ne organic matter that can obstruct palynomorph identifi cation. A tablet containing 10,850 ± 200 Lycopodium clavatum spores was introduced during HCl treatment in order to allow estimates of marine and terrestrial palynomorph concentration relative to the exotic spores (as described by Stockmarr, 1971 ). Samples were mounted on glass slides using glycerine jelly and palynomorphs were counted at 400× magnifi cation, with specimens examined under oil immersion at 1000× for verifi cation where necessary. The identifi cation of palynomorphs was hampered in many samples by the growth of pyrite, indicating that reducing conditions prevailed in the depositional environment. The abundance of dinofl agellate cysts and amorphous organic matter (AOM) in these pyrite-rich samples records that reducing conditions were associated with distal/ outer neritic conditions. In some samples, AOM was so common that it obscured some palynomorphs, preventing identifi cation. In Serravallian sediments at the more neritic Site 27, and in most samples at sequence boundaries, marine palynomorphs were vastly outnumbered by terrestrial palynomorphs and terrigenous organic matter, so that several slides had to be examined. Nonetheless, nearly all Miocene samples processed contained suffi cient reasonably well preserved palynomorphs to allow assessment of age and paleoenvironment; the exception was sandy sediments that make up the upper part of sequence m5.8 and sequence m5.47 in Hole 27A.
Photographs of common and age-diagnostic dinocyst taxa were taken at 1000× using oil immersion. The dinocyst data (raw counts in Supplemental Tables 1  1 and 2 2 ) are presented semiquantitatively as relative abundances (rare < 5%, common 5%-20%, abundant > 20%) based on minimum counts of 35 cysts, although counts normally exceed 60 cysts. Ages were assigned to samples using the dinofl agellate (DN) zones of de Verteuil and Norris (1996) (Fig. 2) , although more recent dinocyst studies, most notably the North Sea zonations of Piasecki (2008, 2010) were also useful in assigning ages and characterizing sequences according to their palynological content. Useful datums calibrated to the Gradstein et al. (2004) time scale (as discussed in Browning et al., 2013) in Holes 27A and 29A are listed in Tables 1 and 2 .
The degree of terrigenous versus marine fl ux is illustrated by the ratio of terrestrial palynomorphs (T, pollen + embryophyte spores) versus marine palynomorphs (M, dinocysts + acritarchs), i.e., T:M (referred to as P:D [pollen versus dinocysts] in McCarthy and Mudie [1998] and McCarthy et al. [2003 McCarthy et al. [ , 2004a McCarthy et al. [ , 2004b ). Minimum counts of 200 palynomorphs were employed to generate ratios of terrestrial versus marine palynomorphs (Tables 3 and 4) . Foraminiferal linings were not included in the total marine palynomorph sum because coastal and inner neritic benthics are as likely to produce acid-resistant linings as are middle to outer neritic taxa, and we are attempting to gauge sea level and terrigenous fl ux.
The T:M ratio illustrates the degree of terrigenous fl ux to the marine environment, representing the rapid settling of most pollen grains from the atmosphere and within the water column against an irregular pattern of algal productivity in surface waters (Mudie and McCarthy, 1994; McCarthy et al., 2003) . A similar index is given by the ratio of two major end members of palyno facies classifi cation: the allochthonous terrestrially derived phytoclasts (Ph) and authigenic marine AOM , i.e., Ph:AOM. Palyno facies identifi cation follows Batten (1996) , and the data are provided as a robust ratio of the terrigenous and marine end members (Figs. 3-5; Table 5 ). The Ph:AOM ratio primarily refl ects taphonomic effects, e.g., the transportation of terrigenous organic matter relative to sea-surface productivity, and the ultimate preservation of that organic matter in the sediment. Distance from the shoreline is also refl ected by the ratio of nonsaccate (primarily angiosperm/hardwood tree) versus bisaccate (conifer) pollen grains (nonsac:bisac; Figs. 3 and 4; Table 6 ), refl ecting the gradual settling of heavier, less aerodynamic and hydrodynamic angiosperm grains McCarthy , 1994, McCarthy et al., 2003) . Distal pollen assemblages thus tend to be greatly enriched in bisaccate conifer pollen with sacs adapted to fl oat long distances in air or water.
The ratio of cysts of primarily coastal to inner neritic dinofl agellate taxa relative to those of primarily outer neritic and oceanic taxa is an additional indicator of distance to shoreline. The long-ranging so-called "round brown" Brigantedinium spp., associated with coastal to inner neritic environments or upwelling regions, i.e., regions with high nutrient availability (Rochon et al., 1999) , are common to abundant in most samples from the New Jersey shallow shelf sites. These protoperidinioid cysts typically have a strong effect on the ratio of gonyaulacoid cysts (G; produced by auto trophic dinofl agellates and generally more abundant seaward of the inner shelf; see McCarthy et al., 2003) versus protoperidinioid cysts (P; produced by heterotrophic dinofl agellates and generally more abundant in coastal and inner neritic environments). G:P ratios ( Figs. 3 and 4 ; Tables 3 and 4) thus provide another, relatively crude measure of the offshore environmental gradient; however, G:P is also high in distal settings where bottom waters are well oxygenated and the rate of burial is low, because postdepositional degradation selectively affects protoperidinioid cysts (Zonneveld et al., 1997; Hopkins and McCarthy, 2002; McCarthy et al., 2004a McCarthy et al., , 2004b Versteegh and Zonneveld, 2002) . The labile Brigantedinium-type cysts are especially vulnerable to early diagenetic aerobic degradation, while most gonyaulacoid taxa are highly resistant (Zonneveld et al., 2001 (Zonneveld et al., , 2008 Versteegh and Zonneveld, 2002) , so the G:P ratio referred to here also retains a taphonomic signature in addition to refl ecting ecology. Sequencebounding unconformities were found to be typically characterized by very high G:P, interpreted to be a taphonomic signal (e. g., McCarthy et al., 2003) . The G:P ratio was also found to be very high in highstand systems tracts and maximum fl ooding surfaces where sediment accumulation rates are very low (McCarthy et al., 2003) .
Paleobathymetric reconstructions are based on foraminifera, including benthic foraminiferal assemblages, key depth-indicator species, and percentage of planktonic foraminifera (for details, see Katz et al., 2013) . Paleodepth constraints use the Miller et al. (1997) general paleobathymetric model, which was established using coeval New Jersey coastal plain sections drilled onshore (as modifi ed by Katz et al., 2013 Katz et al., 2013) .
Sea level was qualitatively reconstructed, interpreted as high sea level wherever multiple palynological proxies recorded a distal setting and where middle to outer neritic water depths were suggested by the foraminiferal assemblage. These interpretations were at times confounded by barren samples, however, which may indicate either deposition in very shallow water, dissolution, or mass transport of shallow-water sediments into deeper water environments. Sedimentological data proved valuable in verifying our sea-level interpretations, particularly in sediments barren of microfossils and in cases where palynomorphs and foraminifera indicate unrealistic shallow-water environments, likely indicating downslope transport.
Good multiproxy geochronological control is available along the Expedition 313 transect, based on a variety of chronological tools in addition to dinocysts, including Sr isotope age estimates and nannofossil and diatom zonations . As a result, we were able to assess the infl uence of changing sea level and climate from the Aquitanian to earliest Serravallian on sedimentation on the New Jersey margin by correlating our sea-level record with Miocene oxygen isotope (Mi) events.
PALYNOLOGY OF HOLES 27A AND 29A
Palynological Signature and Age of Miocene Sequences
Each sequence on the New Jersey shallow shelf has a distinct palynological character, not only in assemblages of marine and terrestrial palynomorph species, but in the entire palynofacies present in each slide, including the palynodebris. Sequences identifi ed using seismic and sedimentological criteria have distinct signatures of T:M, Ph:AOM, G:P, and nonsac:bisac pollen, refl ecting the distance from the shoreline and sea surface and depositional conditions at each site . Evolution and extinction within dinofl agellate lineages allow biostratigraphic zonation of the uppermost Chattian to lowermost Serravallian, while semiquantitative variations in abundance refl ect ecological change (Figs. 6 and 7).
Lithologic Unit VII: Sequence O6
The dinocyst assemblage in sequence O6, above the refl ector at 538.68 mcd (meters composite depth) in Hole 27A (Fig. 3) . The existence of the OligoceneMiocene boundary within this sequence is consistent with the assignment of the lower part of this sequence to nannofossil zone NP25 and the upper part to zone NN1 .
The AOM-dominated sediments in this sequence (palynofacies type 3 of Batten, 1996; Table 5 ) are characterized by relatively low terrestrial versus marine palynomorph ratios (mean T:M = 3.11, range 1.24-11.40 , n = 11). A strong peak in T:M (11.4) in sample 27A-187R-CC (8-10 cm, 527.68 mcd) is succeeded by somewhat elevated T:M (3.34) in the overlying sample. The abundance of Homotryblium spp. in all of the samples above the strong T:M peak ( Figs. 3 and 6) suggests equivalence with the Homotryblium spp. zone of Dybkjaer and Piasecki (2010) that they correlated with the lower part of the calcareous nannoplankton zone NN2 of Martini (1971) , 22.36-21.6 (?) Ma. The presence of Apteodininium spiridoides, Hystrichokolpoma rigaudiae, and Thalassiphora pelagica also differentiates the upper part of sequence O6.
Protoperidinioid cysts are not abundant in this sequence (mean G:P = 6.12, range 2.21-10.25, n = 8); Brigantedinium spp. is the most consistently present. Most low-diversity pollen assemblages in sequence O6 are dominated by bisaccate conifer pollen (mean nonsac:bisac = 1.00, range 0.5-1.87, n = 5) until the peak in T:M at the base of core 187 (~528 mcd), above which angiosperm pollen become more abundant (mean nonsac:bisac = 2.37, range 1.22-3.56 , n = 5; Fig. 3 ; Table 6 ). The dominance of gonyaulacoid cysts in marine palynomorph-rich sediments in which the pollen assemblage is characterized by bisaccate grains adapted to long-distance transport is consistent with a distal setting for Site 27 during the early Aquitanian (Fig. 3) . 
Lithologic Unit VII: Sequence m6
The boundary between sequences O6 and m6 is characterized by high terrestrial versus marine palynomorph ratio (T:M = 15 in sample 27A-177R-CC, 506.36 mcd), a characteristic signature of erosional unconformities (Figs. 3 and 5; Table 3 ). The dinocyst assemblage in sequence m6 is relatively rich in Cleistosphaeridium placacanthum, Apteodinium tectatum, Dapsilidinium pseudocolligerum, Operculodinium longispinigerum, Selenopemphix nephroides, Lejeunecysta spp., and Brigantedinium spp. (Figs. 6 and 7) . In addition to these common cysts, the presence of Sumatradinium hamulatum together with Caligodinium amiculum (Figs. 6 and 7; Tables 1 and 2) constrains the age of this sequence to Ma). The HO of Membranophoridium aspinatum (27A-176R-1, 500.63 mcd and 29A-215R-1, 749.93 mcd) occurs far below the HO of Caligodinium amiculum that marks the subzone DN2a-DN2b boundary. We use this datum to characterize the base of DN2 as older than 20 Ma.
T:M values remain relatively high in this sequence in Hole 27A (mean T:M = 6.21, n = 5), although terrestrial palynomorphs decline somewhat in relative abundance upcore within the thin sequence m6 to T:M = 4.81 in sample 27A-175R-CC (13-16 cm, 500.23 mcd) from a peak value of 15 just above the sequence boundary. Lower T:M values were measured in the three samples analyzed from this thin sequence in the more distal Hole 29A (mean T:M = 3.04, range 1.20-4.26) . Angiosperm pollen outnumber bisaccate conifer pollen in this sequence at both sites (Figs. 3 and 4; Table 6 ). This taphonomic signature records increased terrigenous fl ux to the New Jersey margin during the Aquitanian.
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Depth (mcd)
Terrestrial palynomorphs generally dominate assemblages in sequence m5.8 at both sites, with T:M between 1.37 and 20.90 (mean 5.68 , n = 32) in the thick sequence in Hole 27A, and between 1.15 and 11.82 (mean 3.91 , n = 7) in the more distal Hole 29A (Fig. 5) . Pollen assemblages in Hole 27A are dominated by Quercus (oak) and Carya (hickory), with highly variable concentrations of bisaccate pollen (nonsac:bisac ranges 0.59-20.09, mean = 6.85, n = 36 in Hole 27A; Fig. 3 ; Table 6 ). Several peaks (~3%-12%) in in aperturate (TCT, i.e., type cypress-cedar) conifer pollen in sequence m5.8 are probably related to development of coastal wetlands during the early Burdigalian. There is a peak in Tsuga (hemlock) in Hole 29A that is apparently not represented in Hole 27A, possibly correlating with the barren sandy sediments at the top of the sequence at this neritic site. The palyno facies vary from rich in AOM (type 2) to very rich in phytoclasts (type 1) in the thick sequence m5.8 at Site 27 ( Fig. 3; Tables 1 and 2 [see footnotes 1 and 2]). The sparse phytoclast-dominated assemblage very rich in terrestrial palynomorphs in the two samples analyzed from Hole 27A precludes a more defi nitive age assignment than DN2-top DN4. This is not surprising, given the extraordinarily high abundances of fungal spores in the two samples analyzed from Hole 27A that record an exceptionally strong terrestrial infl uence. In sample 29A-204R-1 (145-147 cm, 717.71 mcd), however, Exochosphaeridium insigne co-occurs with Cordosphaeridium cantharellus ( Fig. 7; Table 2 ), constraining these sediments to DN2b (ca. 19.5-18.4 Ma). This is consistent with a single calcareous nanno fossil assignment of upper zone NN2 .
G:P is high in this sequence, 2.8 and 5.0 in the 2 samples from Hole 27A and ranging from 2.07 to 7.89 in Hole 29A, although protoperidinioid taxa are common in some samples (primarily the ubiquitous Lejeunecysta and Brigantedinium spp., but also including lower concentrations of Sumatradinium soucouyantiae and Palaeocystodinium spp., primarily P. golzowense). AOM dominates the palynofacies in sequence 5.7 in Hole 29A where T:M values are relatively low, averaging ~3.09 (range 1.60-4.39, n = 7), and palyno morphs are abundant (mean 149,100, range 64,500-230,000 palynomorphs/cm 3 ), suggesting low rates of sediment accumulation at the distal site. Samples are assigned to palyno facies type 2 or type 3 of Batten (1996) in Hole 29A, whereas sequence m5.7 samples in Hole 27A are very rich in phytoclasts and other terrigenous components and are assigned to palynofacies type 1 (Table 5) . Bisaccate pollen is rare within this sequence in Hole 29A ( Fig. 4 ; Table 6 ), however, with Quercus remaining the dominant pollen type, paired with particularly high percentages of Carya in some samples. This suggests that a real change in vegetation occurred during the early Burdigalian, with an expansion of broadleaf deciduous trees at the expense of evergreen conifers. T:M ratios were 15.72 and 10.50 in the 2 samples analyzed from this thin, sandy sequence in Hole 27A (27A-127R1, 15-16 cm, 359.71 mcd), recording much more proximal conditions at Site 27, consistent with the seismic and sedimentological data (Figs. 3-5) .
Lithologic Unit V: Sequence m5. 6 Sequence m5.6 was not resolved at Site 27, but Exochosphaeridium insigne is present through sequence m5.6 (HO in sample 29A-195R-1, 50-51 cm, 692.36 mcd; Fig. 7 ; Table 2 ). The HO of Cordosphaeridium cantharellus in sample 29A-196R-2 (96.93 mcd; Fig. 7 ; Table 2 ) identifi es the subzone DN2b-DN2c boundary, which straddles the NN2-NN3 boundary, ca. 18.4 Ma (Fig. 2) . This is consistent with other chronological proxies that constrain the age of this sequence to between 18.4 and 18.1 Ma: a single assignment to zone NN3 and an Sr isotope age of 17.9 Ma Table 4 ) and bisaccate pollen are relatively abundant (nonsac:bisac average 2.3; Fig. 4 ; Table 6 ), and pollen of taxa associated with wet conditions and/or swamps decrease in abundance relative to sequence m5.7. Amorphous organic matter dominates samples in this sequence, assigned to palynofacies type 3 of Batten (1996) (Table 5) .
Lithologic Unit V: Sequence m5.47
In Hole 27A the thin, sandy sequence m5.47 is barren of palynomorphs except for a single sample at the top of the sequence (27A-116R-2, 38-39 cm, 337.04 mcd), although AOM is relatively abundant, with most samples assigned to palynofacies type 2 (Table 5) . Palynomorphs were recovered from every sample examined from this sequence in Hole 29A (mean 63,900, range 16,100-112,800 palynomorphs/cm 3 ). Cousteaudinium aubryae, Lingulodinium multivirgatum, Operculodinium longispinigerum, Batiacasphaera sphaerica, Spiniferites sp., Polysphaeridinium zoharyi, and Cleistosphaeridium placacanthum are consistently present; this is an assemblage similar to the Cousteadinium aubryae interval zone of de Verteuil and Norris (1996) found in the Fairhaven Member of the Calvert Formation. The LO of Cerebrocysta poulsenii in sample 29A-191R-2 (22-23 cm, 681.27 mcd) and of Sumatradinium druggii in sample 29A-194R-2 (23-24 cm, 660.55 mcd) together with dinocyst taxa having an HO in the Early Miocene (e.g., Lingulodinium multivirgatum and Operculodinium longispinigerum ) allows us to assign these sediments to upper Burdigalian) (Fig. 7 ; Table 2 ). This assignment is younger than the diatom zonation suggests, but is consistent with the nannofossil assignment to zone NN4 . T:M values remain low in Hole 29A (Figs. 4 and 5; Table 4) , averaging ~2.75 (range 1.59-5.15, n = 10) and bisaccate pollen is abundant (mean nonsac:bisac ~1.27, range 1.22-1.3; Fig. 4 ; Table 6), with Quercus dominating the nonsaccate pollen assemblage. The interpretation of high sea level is consistent with the continued dominance of AOM, with Ph:AOM ranging from 0.04 to 0.27 in Hole 29A where most samples were assigned to palynofacies type 3 (Table 5) .
Lithologic Unit IV: Sequence m5.45
All of the palynological proxies record a sharp increase in terrigenous fl ux to the New Jersey margin within lithologic unit IV. The ratio of Ph:AOM rises sharply in the upper part of sequence m5.45 in Hole 27A in samples mostly assigned to palynofacies type 1, exceeding 100:1 in sample 27A-105R-CC (304.95 mcd), and the strongest T:M peak in all of the samples studied was found higher up in this sequence (T:M = 43.25 in sample 27A-104R-3, 36-38 cm, 301.86 mcd) ( Figs. 3 and 5 ; Table 3 ). Terrigenous fl ux to Hole 27A is high through this sequence, with mean T:M = 8.85, n = 7 (Fig. 3) . At the more distal Site 29, there is an increase in Ph:AOM ( Fig. 4; Table 5 ), although AOM continues to dominate (palynofacies type 2), and the ratio of terrestrial versus marine palynomorphs in sequence m5.45 (mean T:M = 4.86, range 2.74-7.05, n = 4; Figs. 4 and 5; Table 4 ) is higher than the Miocene average for this site (T:M = 3.82). Increased (possibly fl uvial) terrigenous fl ux is also consistent with the diverse angiosperm-dominated assemblage that characterizes both holes; large heavy grains of Carya and Ulmus (elm) are especially abundant, in addition to the ubiquitous Quercus. Peak warmth on the New Jersey margin is recorded by the presence of Arecaceae/Arecipites-type (palm) pollen in this sequence, as well as in the overlying composite sequence m5.4. Palynological evidence of a sharp increase in terrigenous fl ux, particularly to the more proximal Site 27, is consistent with the seismic profi le that shows that the clinoform break migrated past the site of corehole 27A at that time ( Fig. 5 ; see also Browning et al., 2013 , fi g. 2 therein).
G:P values are relatively low in sequence m5.45 (ranging from 0.67 to 2.62 in Hole 27A and 2.77 to 3.17 in Hole 29A; Figs. 3 and 4) , recording neritic conditions and/or high productivity and/or high rates of sedimentation. Common to abundant protoperidinioid taxa include Tables 1 and 2 [see footnotes 1 and 2]). Cousteaudinium aubryae is also consistently present in this sequence, as are gonyaulacoid cysts Batiacasphaera sphaerica, Apteodinium tectatum, Apteodinium spiridoides , Cleistosphaeridium placacanthum, and Lingulodinium machaerophorum. This assemblage, in the absence of diagnostic Middle Miocene taxa, allows us to assign this sequence to upper Burdigalian) , which is consistent with better constrained dinocyst zonation of the underlying sequence m5.47 and with the assignment to nannofossil zone NN4 and the Sr age of 17.7 Ma. These ages are younger than the diatom zonation suggests , but are consistent with oxygen isotope and other proxies recording warm, humid conditions between ca. 18 and 16.5 Ma (Middle Miocene Climatic Optimum; Zachos et al., 2001 ).
Lithologic Unit III: Sequence m5.4
In Miller et al. (2013b) , seismic profi les, core data, and log stacking patterns were used to recognize that sequence m5.4 is a composite of three higher order (100-400 k.y. scale) sequences called m5.4-1 (the sequence that directly overlies surface m5.4), m5.34, and m5.33. At Hole M27A, sequences m5.34 and m5.33 are recognized in a topset setting, but sequence m5.4-1 is cut out. At Site M29, seismic resolution did not permit the higher order sequences to be defi ned in this bottomset setting and the section there is referred to as m5.4 (Miller et al., 2013b) .
The continued presence of Arecaceae/ Arecipites-type (palm) pollen in a diverse angiosperm pollen fl ora with relatively high percentages of Ulmus records continued warm, humid conditions in the New Jersey hinterland (Table 5) . G:P remains relatively low in sequence m5.4 in Hole 27A (mean G:P = 1.76, range 0.73-2.76, n = 5; Fig. 3; Table 3 ), where a diverse protoperidinioid cyst assemblage includes Selenopemphix brevispinosa, Selenopemphix nephroides, Palaeo cystodinium spp., Sumatradinium soucouyantiae, Echinidinium spp., and Lejeunecysta spp. in addition to the ubiquitous Brigantedinium spp. (Supplemental Table 1 [see footnote 1]). Higher G:P values characterize the more distal Hole 29A (mean G:P = 2.91, range 1.23-4.51, n = 4; Fig. 4 ; Table 4). T:M values are variable, but higher than the Miocene average at both sites, ranging from ~2.09 to 15.0 (mean ~5.99 , n = 6) in Hole 27A and from ~1.63 to 12.76 (mean ~4.67 , n = 6) in Hole 29A ( Figs. 3 and 4 ; Tables 3 and 4). The strongest T:M peak in Hole 29A (T:M = 12.76) is at the base of this sequence, in sample 29A-182R-2 (99-100 cm, 660.81 mcd), and a very high T:M peak (15.00) was found in sample 27A-101R-CC (292.8 mcd). The palynofacies in Hole 27A is dominated by phytoclasts (palynofacies type 1 of Batten, 1996) , especially at the base of this sequence where T:M is very high, but AOM remains common in this sequence in Hole 29A, with Ph:AOM values similar to those in the underlying sequence m5.45 ( Figs. 3 and 4 ; Table 5 ).
Sequence m5.4 contains common Batiacasphaera sphaerica, Apteodinium tectatum, Cleisto sphaeridium placacanthum and Lingulodinium machaerophorum together with Apteodinium spiridoides and Cousteaudinium aubryae. The LO of Labyrinthodinium truncatum modicum and Labyrinthodinium truncatum truncatum (and thus the base of DN4, 15.97 Ma; Figs. 6 and 7; Tables 1 and 2) occur at the top of this sequence in Hole 29A in sample 29A-176R-1 (76-77 cm, 643.82 mcd), although these useful Middle Miocene markers are not found until the base of sequence m5.3 in Hole 27A (in sample 27A-88R-2, 110-111 cm, 252.86 mcd). Most of sequence m5.4 in Hole 29A, and all of this sequence in Hole 27A, is thus assigned to DN3, which is consistent with all other chronostratigraphic proxies .
Lithologic Unit III: Sequence m5.33
Sequence m5.33, which forms the upper part of lithologic unit III Hole 27A but is not present in Hole 29A, contains a dinocyst assemblage similar to that in sequence m5.4, but gonyaulacoid cysts dominate, with G:P values averaging 4.81 ( Fig. 3; Table 3 ). The dinocyst assemblage is rich in Batiacasphaera sphaerica, Cleistosphaeridium placacanthum, Lingulodinium machaerophorum, Apteodinium tectatum, and Apteodinium spiridoides ( Fig. 6 ; Supplemental Table 1 [see footnote 1]). The HO of Lingulodinium multivirgatum occurs in this sequence, in sample 313-27A-94R-2 (100-101 cm, 270.56 mcd; Fig. 6 ; Table 1), allowing this sequence to be assigned to DN3.
A relatively diverse oak-dominated angiosperm pollen assemblage continues to characterize this sequence (Table 5 ), but the presence of Fagus/Nyssa (beech/tupelo, or black gum) and the absence of Arecaceae/Arecipites-type (palm) pollen record climatic cooling. AOM is common in this sequence (Table 5) , recording a decrease in terrigenous fl ux. This is consistent with the relatively low T:M values in this sequence, averaging n = 3; Figs. 3 and 5;  Table 4 ). G:P is also very high in the lower part of the sequence in Hole 27A, reaching 12.00 in sample 313-27A-88R-2 (100-101 cm, 252.86 mcd), but protoperidinioids outnumber gonyaulacoid cysts in the upper part of this sequence (in samples 27A-84R-2, 41-42 cm, 239.47 mcd and 27A-83R-3, 11-102 cm, 237.52 mcd; Fig. 3 ; Table 3 ). The relatively low diversity pollen assemblages are generally dominated by Quercus (Table 5) . The palynological proxies all record more distal conditions during the early Langhian than existed in the late Burdigalian (recorded in sequences m5.45-m5.4).
The LO of Labyrinthodinium truncatum modicum in sample 27A-88R-2 (110-111 cm, 252.86 mcd), together with the LO of Labyrinthodinium truncatum truncatum and Impagidinium arachnion in sample 27A-88R-1 (50-51 cm, 250.26 mcd; Fig. 6 ; Table 1), allows us to assign this sequence to , an age consistent with all other chronostratigraphic proxies . As de Verteuil and Norris (1996) reported, the assemblage in their Distatodinium paradoxum interval zone differs primarily from the underlying Cousteaudinium aubryae interval zone in containing Labyrinthodinium truncatum. Browning et al., 2013 ; Fig. 7) . Labyrinthodinium truncatum modicum and Labyrintho dinium truncatum truncatum are both consistently present together with Batiacasphaera sphaerica, Apteodinium tectatum, Dapsilidinium pseudocolligerum, Cleistosphaeridium placacanthum, Lingulodinium machaerophorum, and Cordosphaeropsis minimum (Figs. 6, 7, and 9; Supplemental Tables 1 and 2 [see footnotes 1 and 2]). Protoperidinioid cysts like Selenopemphix brevispinosa, Selenopemphix nephroides, Sumatradinium soucouyantiae, Echinidinium spp., and Palaeocystodinium spp. are present in variable quantities in these sediments in addition to the ubiquitous Lejeunecysta and Brigantedinium spp. The HO of Apteodinium spiridoides at the base of this sequence in sample 27A-88R-2 (110-111 cm, 252.16 mcd; Fig. 6 ; Table 1 ) may represent reworking, but the LO of Unipontedinium aquaeductum in samples 27A-83R-3 (11-12 cm, 237.62 mcd) and 29A-128R-3 (73-74 cm, 508.79 mcd) at the top of this sequence at both sites (Tables 1 and  2 ; Figs. 6 and 7) marks the DN4-DN5 boundary. Exceptionally high abundances of the acritarch Cyclopsiella granosa (typically found in shallow-marine and/or nearshore high-energy environments according to Louwye and Laga, 2008) at the top of this sequence in Hole 29A appears to record a dramatic increase in fl uvial fl ux or substantial downslope mass wasting and resedimentation, consistent with the geometry of the margin at the time (Fig. 5) .
Lithologic Unit II: Sequence m5
The palynological proxies continue to record distal conditions in sequence m5. In both holes, sequence m5 is characterized by assemblages rich in AOM (palynofacies type 2 of Batten, 1996; Figs. 3-5;  Table 6 ). Bisaccate conifer pollen is relatively abundant, and the lower part of sequence m5 is characterized by particularly low percentages of hickory pollen (Carya), refl ecting the cooling that marks the early Serravallian (event Mi3; see Browning et al., 2013, fi g. 7 Tables 3 and 4) . The much lower palynomorph abundances in Hole 29A than in Hole 27A suggest that most terrigenous fl ux is not reaching the bottomsets (mean palynomorph concentration is only ~48,600/cm 3 , range 25,600-80,300 palynomorphs/cm 3 in Hole 29A whereas it is ~133,600 palynomorphs/ cm 3 in Hole 27A, increasing sharply upcore from ~44,000 to 244,000 palynomorphs/cm 3 ) (Figs. 3 and 4) .
G:P values are relatively low at both sites, with common protoperidinioid cysts including Lejeunecysta spp. Brigantedinium spp. Sumatra dinium soucouyantiae, Sumatradinium druggii, Selenopemphix brevispinosa, Palaeocystodinium spp., and Trinovantedinium spp., mainly Trinovantedinium papulum (Figs. 6 and 7; Supplemental Tables 1 and 2 [see footnotes 1 and 2]). The LO of Habibacysta tectata and the last common occurrence of Apteodinium tectatum occur within this sequence in both holes (Tables 1 and 2 ; Figs. 6 and 7) , marking the boundary between zones DN5a and DN5b, ca. 14.2 Ma. This is consistent with age estimates based on other available proxies . The most distinctive feature of this sequence is an acme of Pentadinium laticinctum in both holes (sample 313-29A-119R-CC, where these cysts make up nearly 20% of the assemblage, and sample 27A-77R-2 [40-41 cm, 221.11 mcd] , where they make up nearly 10% of the assemblage; Supplemental Tables 1 and 2 [see footnotes 1 and 2]). Other consistently present gonyaulacoid cysts include Batiacasphaera sphaerica, Lingulodinium machaerophorum, Cleistosphaeridium placacanthum, Dapsilidinium pseudocolligerum, Hystrichosphaeropsis obscura, and Polysphaeridium zoharyi. ~1.96, n = 6; Hole 29A: mean ~5.18, n = 14) ; this suggests that most terrigenous fl ux is bypassing the more neritic site, an interpretation consistent with the geometry of this sequence (Fig. 5) . This is also consistent with the dominance of phytoclasts through much of this sequence in Hole 29A, and the fi rst sample with Ph:AOM > 40 at 421.26 mcd (sample 29A-89R-2, 70-71 cm; Table 5 ), although most samples from Hole 27A were assigned to palynofacies type 2 of Batten (1996) (Table 5) . Cool early Serravallian conditions are recorded by high relative abundances of bisaccate pollen in both holes, with nonsac:bisac values ranging from 2.64 to 5.06 in Hole 27A and from 1.01 to 4.87 in the lower part of sequence m4.5 in Hole 29A (Table 6) .
G:P values are relatively low in sequence m4.5 in Hole 27A (range 1.15-2.54 ) and in the upper part of this sequence in Hole 29A above a silty sand, where G:P values reach a peak of 13.00 in sample 29A-109R-2 (20-21 cm, 452.61 mcd; above this silty sand, G:P ranges from 0.44 to 2.67; Figs. 3 and 4 ; Tables 3 and 4). Low G:P suggests lower than normal marine salinity and high nutrient fl ux (i.e., fl uvial infl uence) during the latest Langhian, consistent with the sharp increase in phytoclasts versus AOM and the rapid progradation evident in Figure 5 . In addition to Lejeunecysta spp. and Brigantedinium spp., Habibacysta tectata is common to abundant, and other common dinocyst taxa include Spiniferites spp., Batiacasphaera sphaerica, Lingulodinium machaerophorum, Selenopemphix brevispinosa, Selenopemphix nephroides, Dapsilidininium pseudocolligerum, Labyrinthodinium truncatum modicum, and Sumatradinium soucouyantiae (Supplemental Tables 1 and 2 [see footnotes 1 and 2]). This assemblage is assigned to DN5b, consistent with ages derived from other proxies .
Lithologic Unit II: Sequences m4.4-m4.2
Sequences m4.4-m4.2 were not resolved in Hole 27A. In Hole 29A, T:M values are relatively low but rise slowly in sequences m4.4-m4.2: sequence m4.4 (mean ~2.35, range 1.30-4.14, n = 7 in Hole 29A), T:M ~2.45; T:M = 3.43 in the 2 samples analyzed from sequence m4.3; and mean T:M = 3.79 (range 2.27-6.72, n = 6) in sequence m4.2. A diverse angiosperm pollen assemblage characterizes these sequences that are rich in phytoclasts, although AOM remains common in some samples (palyno facies types 1 and 2 of Batten, 1996) (Tables 5 and 6 Tables 1 and  2 [see footnotes 1 and 2]), probably recording freshwater fl ux during the late Langhian.
Lithologic Unit II: Sequence m4.1
Palynological assemblages were very sparse in sequence m4.1 (mean concentration = 29,800, range 9400-50,500 palynomorphs/cm 3 , n = 9 in Hole 29A and mean ~20,900, range 8600-45,500 palynomorphs/cm 3 , n = 9 in Hole 27A), with mean T:M ~5.06 (range 3.07-10.24, n = 7) in Hole 29A and mean T:M ~7.79 (range 2.63-17.5, n = 7) in the more proximal Hole 27A. The dinocyst assemblage was dominated by long-ranging, ubiquitous taxa, precluding precise age assignments in Hole 27A. Dinocyst assemblages strongly dominated by protoperidinioid cysts such as Lejeunecysta spp., Brigantedinium spp., Echinidinium spp., and Trinovantedinium papulum characterize the sediments at both sites, with Spiniferites spp., Batiacasphaera sphaerica, and Habibacysta tectata being the only consistently common gonyaulacoid cysts, although Hystrichosphaeropsis obscura is consistently present (Figs. 6 and 7; Supplemental Tables 1 and 2 [see . The abundance of the acritarch genus Cyclopsiella and the consistent presence of Polyshaperidium zoharyi are similar to the observations of de Verteuil and Norris (1996) for their Selenopemphix dionaeacysta interval zone. Diverse angiospermdominated pollen assemblages are characterized by an upsequence decrease in bisaccate pollen grains, paired with an increase in Carya (hickory) grains (particularly in Hole 27A; Figs. 3 and 4; Table 6 ). This records climatic amelioration and/or increasingly neritic conditions. All samples examined from this sequence in Hole 27A are strongly dominated by phytoclasts (palynofacies type 1; mean Ph:AOM = 81.67, range 3.3-124, n = 8). A few samples (e.g., 29A-65R-2, 18-19 cm, 324.50 mcd, and 29A-64R-1, 120-121 cm, 320.96 mcd, from which many of the specimens illustrated in Fig. 10 were identifi ed) at the more distal site were relatively rich in AOM and assigned to palynofacies type 2 of Batten (1996) . Ph:AOM values range from 0.11 to 45.75 in sequence m4.1 in Hole 29A (Table 5) .
Overall Trends through the Miocene
Terrestrial palynomorphs (pollen and embryophyte spores) outnumber marine algae (dinofl agellates and acritarchs) in all but one sample analyzed in this study (29A-116R-1, 120-121 cm, 473.46 Tables 3 and 4) , and are frequently in silty muds associated with sequence-bounding unconformities (e. g., m6, m5.7, m5.4, m5.3.3, m5.3, m4.5, and m5.7, m5.45, m5.4, m4.4, m4.3, m4.2 , and m4.1 in Hole 29A) or with palynomorph-rich silty muds within sequences (e. g., ~527, 469, 434, and 194 mcd in Hole 27A and ~575, 549, 529, 457, 440, and 325 Tables 3 and 4) , and where upper middle neritic (50-80 m; Bulimina gracilis/Bolivina paula-dominated biofacies), outer middle neritic (75-100 m; Uvigerina spp./Bolivina fl oridana-dominated biofacies), or outer neritic (>100 m; high-diversity, lowdominance assemblages with key indicator taxa, e.g., Cibicidoides pachyderma, Hanzawaia mantaensis, and Oridorsalis umbonatus) water depths were indicated by the foraminiferal assemblages (Mountain et al., 2010; Katz et al., 2013) (Figs. 11A, 11B) . As previously observed (McCarthy et al., 2003) , the primary ecological signal is confounded by strong taphonomic skewing at sequence boundaries, preferentially degrading neritic protoperidinioid dinofl agellate cysts and thin-walled pollen.
Taking these caveats into consideration, there is generally good agreement between palyno logically based estimates of position of the shoreline (and shelf break) and foraminiferally derived paleobathymetric estimates (Figs. 11A, 11B ). This allowed us to qualitatively reconstruct relative sea level at each site with some degree of confi dence (Figs. 11A,  11B ). The interpretation of high terrigenous fl ux as typically recording low sea levels is consistent with the shallow paleodepths usually reconstructed based on the benthic foraminiferal assemblages in pollen-rich sediments, which are Hanzawaia concentrica-dominated biofacies (interpreted as middle inner neritic, 10-25 m) . Samples rich in nonsaccate pollen that tends to preferentially settle in coastal and inner neritic environments (Mudie and McCarthy, 1994; McCarthy et al., 2003) support the interpretation of a middle inner neritic depositional environment. Increased proximity to the shoreline at times of lower sea level would also tend to decrease the ratio of marine versus terrestrial palynomorphs (M:T in Figs. 11A, 11B ) due to ecological stress on marine phytoplankton in inner neritic environments.
The sea-level reconstructions also appear to be consistent with other available data from IODP Expedition 313. Proximal low sea-level settings are generally suggested by very terrigenous samples at sequence boundaries (Figs.  11A, 11B) , and strong taphonomic alteration in these sediments is also recorded by high G:P (Figs. 3 and 4) . The reconstructions of coastal to inner neritic paleodepths at most sequence boundaries correlate with times of medium to major sea-level lowering according to the compilation of Snedden and Liu (2010) . The identifi cation of TSTs and maximum fl ooding surfaces (MFS) at very high relative sea level (Tables 3 and 4 ; Figs. 11A, 11B) , in contrast, is consistent with our interpretation of distal deep-water environments (Miller et al., 2013a; Browning et al., 2013) .
The combination of the two relative sea-level proxies provides more information than either in isolation. For example, the sudden deepening is evident in our sea-level reconstructions during the early Langhian (in sediments assigned to DN4, NN4, and ECDZ2). Outer middle neritic (75-100 m) and outer neritic (>100 m) paleodepth estimates for sequences m5.3 through m5 at Sites 27 and 29, respectively, are paired with quite variable reconstructions of terrigenous fl ux derived from the palynofacies, recording the rapid aggradation and progradation of lithologic unit II into relatively deep water environments. The interpretation of deep water is consistent with the low deep-sea oxygen isotope values of the Middle Miocene Climate Optimum (Zachos et al., 2001 ; see fi g. 7 in Browning et al., 2013) . Similarly, both sets of proxies record a rapid sea-level fall during the late Langhian that correlates with event Mi3 (in sediments assigned to DN5b, NN5, and ECDZ6a-b; Figs. 11A, 11B) . One advantage of the palynological approach in reconstructing relative sea level is that palynomorphs and palynodebris were available in statistically signifi cant quantities in more samples than were benthic foraminifers, particularly at the more inner to middle neritic Site 27. This higher resolution record allowed the identifi cation of possible parasequences within thick sequences in both holes. The accumulation of nearly 200 m of sediment beyond the paleoclinoform break in Hole 29A during the early-middle Langhian allows two high-amplitude and 11 lower amplitude sealevel cycles to be identifi ed in sequences m5.3-m5 (Fig. 11B) . The dinocyst zonation suggests that these sequences were deposited between 15.97 and 14.2 Ma (zones DN4-DN5a), which agrees well with the estimate of ca. 16.1-14.6 Ma based on the compilation of all chronostratigraphic proxies (by Browning et al., 2013) . The resulting periodicity estimates (~136-160 k.y.) in our relative sea-level curves suggest possible Milankovitch forcing, although the chronological control is not suffi cient to demonstrate this conclusively; in Miller et al. (2013b) , 8 fl ooding surfaces (including the MFS) were noted in sequence m5.2 at Hole M29A, similar to the 7-8 noted here (Fig. 11B) within the ~1 m.y. of this sequence (15.6-14.6 Ma; Browning et al., 2013) . We also note that there are 6-7 fl ooding events in the Hole M29A m4.5-m4.1 section, which represents ca. 13.6 to ca. 13.0 Ma ( Fig.  11B ; Browning et al., 2013) . The chronology is not suffi cient to establish that these are actually quasi-100-k.y.-scale events, but the general match is intriguing.
Given the available resolution, with chronological control provided by multiple biostratigraphic proxies and by Sr isotope ages , we were able to correlate all of the Mi events shown in fi gure 7 of Browning et al. (2013) with intervals of lowered sea level reconstructed from the integrated palynological and foraminiferal proxies. These observations, together with the palynological evidence of accelerated offshore sediment transport at times of lowered sea level, and associated progradation and downslope mass wasting, suggest that eustasy is an important factor infl uencing the architecture of the New Jersey margin.
CONCLUSIONS
A comparison of paleo-water depth estimates inferred from benthic foraminifera and distance from shoreline estimates derived from the palynological data allowed relative sea level to be qualitatively reconstructed in Holes 27A and 29A on the New Jersey margin. Although qualitative, this simple estimate of relative sea-level change provides a useful framework with which other variations at the IODP Expedition 313 drill sites can be compared. Further, the simple estimate represents a good starting point for subsequent work on eustatic reconstructions, which require backstripping to account for compaction, loading and/or fl exure, and thermal subsidence. Our data-based reconstruction can be compared with ongoing modeling studies.
High terrigenous fl ux associated with fl uvial discharge and/or progradation of the New Jersey shelf is recorded by peak concentrations of pollen rich in angiosperm taxa and phytoclasts in sediments deposited in very shallow water or redeposited downslope from coastal and/or upper neritic to middle inner neritic environments, based on paleodepth estimates from benthic foraminiferal assemblages. The low sea levels are interpreted where sediments are rich in angiosperm pollen and phytoclasts and foraminifer samples are either barren, almost completely dominated by Lenticulina spp., or assigned to the Hanzawaia concentrica-dominated biofacies.
The dinocyst zonation of de Verteuil and Norris (1996) allowed ages to be assigned to all Miocene sequences recovered from Holes 27A and 29A. Additional chronostratigraphic control was provided by calcareous nannofossils and diatoms, as well as by Sr isotope pages allowing sequence boundaries generated at times of lowered sea level to be correlated with Miocene oxygen isotope events. In contrast, distal environments are recorded by low T:M (high M:T) and a dominance of AOM in onlapping sequences m5.7-m5.6 (early Burdigalian), m5.3-m5 (Langhian), and m4.4 (latest Langhian-earliest Serravallian). High sea level at these times is recorded by benthic foraminiferal assemblages indicative of lower middle to outer neritic environments. This study illustrates the value of palynology in sequence stratigraphic studies, and of combining palynological and benthic foraminiferal proxies to produce robust reconstructions of relative sea level and relate these to sedimentation on continental margins. 
